Abstract: Despite the alleged mastery of humans over nature, contemporary societies are acutely vulnerable to natural hazards. In interaction with vulnerable communities, these transform into catastrophes. In a deep historical perspective, human communities of many different kinds have been affected by numerous kinds of natural disasters that may provide useful data for scenario-based risk reduction measures vis-à-vis future calamities. The low frequency of high magnitude hazards necessitates a deep time perspective for understanding both the natural and human dimensions of such events in an evidence-based manner. This paper focusses on the eruption of the Laacher See volcano in western Germany about 13,000 years ago as an example of such a rare, but potentially highly devastating event. It merges Lee Clarke's sociological argument for also thinking about such very rare events in disaster planning and David Staley's notion of thinking historically about the future in order to 'past-forward' such information on past constellations of vulnerability and resilience. 'Past-forwarding' is here intended to signal the use of such deep historical information in concerns for contemporary and future resilience. This paper outlines two pathways for making archaeological information on past extreme environmental events relevant in disaster risk reduction: First, the combination of information from the geosciences and the humanities holds the potential to transform ancient hazards from matters of fact to matters of concern and, hence, to more effectively raise awareness of the issues concerned. Second, in addition to information on past calamities feeding into preparatory scenarios, I argue that the well-established outreach channels available to the humanities (museums, in particular) provide powerful platforms for communication to multiple publics.
Introduction
Classical Western narratives of history propose that, over time, humans have made themselves masters over nature. Since the proposition of the Anthropocene-the epoch in which cultural and natural history converge and collapse into each other (Chakrabarty 2009 (Chakrabarty , 2014 and in which humans have become the dominating and largely destructive force shaping global environmental change (Crutzen and Stoermer 2000) -this narrative has taken on more apocalyptic notes (Dukes 2013; Malm and Hornborg 2014) . Against the background of global climate change (Mitchell et al. 2006; Schiermeier 2011; Stott et al. 2016) , extreme hydrological, meteorological and geophysical events are on the rise (Schiermeier 2012) . Due to parallel socio-economic developments, the burden of loss, of both lives and livelihoods, is rising even more steeply (Schiermeier 2012; Smolka 2006 ).
Operating at the interface between the natural and the social sciences/humanities, disaster risk reduction (DRR) research confronts the articulation of climate change, extreme events and politics (Kelman et al. 2015 (Kelman et al. , 2017 , but research funding and policy-maker attention remains strongly focused on the investigation of the hazards in question rather than striking a balance between understanding hazards and at-risk-communities at similar levels of detail and sophistication (Alexander 1995 (Alexander , 1997 . The realization that the root causes of disasters are never entirely 'natural' is not new (O'Keefe et al. 1976) , and recent reviews of this field signal important shifts toward greater attention paid to social science and humanities approaches (Barclay et al. 2015; Kelman et al. 2017; Mercer et al. 2012 ). This paper aims to add to this growing field by reviewing and discussing how specifically archaeology can make a contribution to environmental literacy and to enriching and strengthening resilience vis-à-vis, in particular, extreme environmental events. First, I draw on independent developments in history, disaster sociology and archaeology in order to make the argument that the deep past is relevant in relation to contemporary and future calamities. With detailed reference to one particular case study, the cataclysmic eruption of the Laacher See volcano (Eifel Volcanic Field) in present-day western Germany and its impact on contemporaneous small-scale forager communities in Europe, but also with reference to a rapidly growing body of evidence for similar long-distance impacts of other volcanic events, I illustrate how such ancient calamites can be 'past-forwarded' and so brought into play in the present. The notion of 'past-forwarding' is chosen in analogy with the fast-forwarding function found on audio and video apparatuses. It is meant to convey a rapid bridging of the substantial temporal gap between the present and the distant past.
Archaeology is concerned with understanding the peoples of the past and their histories, and as an academic subject it is predominantly placed in Faculties of Arts or Social Science. Yet, with its focus on material remains, on stratigraphies, on dating, and on the spatial dimensions of culture, archaeology-under the labels of environmental archaeology and geo-archaeology-interacts naturally with geology, as well as physical and human geography (Albarella 2001; Dincauze 2000; Evans 2002 ). For some time now, archaeologists have been calling for a greater involvement of the discipline with the climate change debate and with DRR (Caseldine and Turney 2010; Riede 2014a Riede , 2014c Riede et al. 2016b; Rockman 2012; Van de Noort 2013) . Through its inherently interdisciplinary work, archaeology produces evidence-based narratives of past human-environment interactions that often command substantial public interest-and numerous workers have argued that narratives are crucial tools in translating environmental science into actionable ideas (Carter and van Eck 2014; Pancost 2017) .
Learning from past disasters is neither easy nor straightforward, however (Pfister 2009b; Riede et al. 2016a; Schenk 2015 ; Van Bavel and Curtis 2016) . I focus here on two avenues, one practical and one public: (1) past calamities as input for so-called Realistic Disaster Scenarios used for planning and policy-making; (2) past calamities as platforms for dissemination and debate on the mutual dependencies of human societies and the environment in museum settings. Much archaeological work finds its way into museums of culture history. These museums are well-visited in many countries (often with markedly higher visitor numbers than their natural history counterparts) and hence well-positioned to frame debates on climate change and human impacts. The role of museums in addressing these issues and in providing democratic platforms for debate is increasingly recognized (Cameron et al. 2013; Cameron and Neilson 2015; Rees 2017) , but the full potential of specifically culture history museums here remains as yet unrealized. This paper argues that the historically informed evidence-based narratives of past natural hazards and their human impacts can be brought forward ('past-forwarded') for building realistic scenarios for future calamities, and that the use of archaeological remains provides the necessary immediacy and intimacy to more directly address and engage the consumers of these narratives.
Industrial and Preindustrial Pathways to Resilience
In disaster risk reduction research, the twin notions of vulnerability and resilience are important conceptual levers. Discussions and definitions of both terms abound (Adger 2000 (Adger , 2006 Bankoff 2003; Birkmann 2006a Birkmann , 2006b Cutter 1996; Cutter et al. 2003; Fuchs et al. 2012; Smit and Wandel 2006; Tierney 2014; Wisner et al. 2004) . In short, vulnerability indexes the potential for loss, while resilience captures a given community's or society's ability to respond to and rebuild after a given calamity. Both vulnerability and resilience are socio-ecological in their composition. The foundational American disaster sociologist, Gilbert White (White 1974 ) suggested a long time ago that optimal resilience in relation to natural hazards would emerge in a combination of what he termed preindustrial and industrial responses. While the latter draw their strength from robust infrastructure, technical ingenuity, communication technology and organizational acumen, the former reference traditional ecological knowledge, social relations, flexible responses and better developed notions of environmental stewardship (Table 1) . As White also noted, most contemporary societies have not achieved to harmoniously combine their traditional preindustrial response mechanisms with industrial ones. This is often due to recent political disruptions such as colonial interventions, the impact of epidemics or the massive displacement of people between and within macro-regions due to, for instance, urbanization and rapid industrialization. To make matters worse still, many major urban centers are located in zones directly at risk from, for instance, volcanic eruptions, compounding vulnerability (Chester et al. 2001; Small and Naumann 2001) . Hence, a double-bind has emerged: many regions of the world are at risk from volcanic eruptions, but for some (the non-industrialized ones), industrial resilience measures are not an option, while for others (the industrialized ones), the integration of preindustrial resilience measures in made difficult due to the loss-more often than not through active colonial suppression-of traditional knowledge about environments and their associated risks (cf. Witham 2005) . Although very much concerned with assisting those at risk or those affected by hazards, the field of North American disaster sociology so heavily influenced by White is largely ahistorical in its perspective (Lovekamp and Trainor 2013) . Furthermore, White's bipartite distinction between preindustrial and industrial modes of coping glosses over the many different ways in which preindustrial societies are constituted. Importantly, it also glosses over the critical issue that not all ways of preindustrial coping are equally effective. A historical perspective can go some way towards providing an evidence-based assessment of the diversity and efficacy of preindustrial risk management and coping strategies. Historical sources and the horizon of history, however, also have their limitations: concerning low-frequency/high-magnitude events where the last occurrence may date to prior to the emergence of writing, archaeology presents the only source of information about human impacts and responses. Furthermore, for many parts of the world, historical sources simply do not go back far enough in time to capture a large number and range of hazards. Historical and archaeological sources on both geophysical events and human impacts archived in museums (our geo-cultural heritage) can be said to be the durable remains of preindustrial environmental knowledge.
In areas where natural hazards occur frequently, the maintenance of efficient ways of responding, of so-called 'cultures of coping' (Bankoff 2009, p. 265) , is likely. In contrast, when hazards occur less frequently or when we are considering high-magnitude/low-frequency hazards, a 'disaster gap' (Pfister 2009a, p. 239) emerges that creates the illusion of false security from natural events. This discounting of major risks has been thrown into stark relief by the 2010 eruption of Eyjafjallajökull (Iceland). This eruption was small and 'ordinary' (Davies et al. 2010, p. 608) by global volcanic standards. It was, however, perceived and experienced as decidedly catastrophic by many. Although local farms were affected and although the landscape remains barren in the volcano's immediate vicinity (Figure 1 ), its awesome display of geological force also attracted badly-needed tourists at a time of economic troubles . As Iceland regularly experiences eruptions, communities and authorities are able to rapidly assess and respond to the risk (cf. Gislason et al. 2011) ; in fact, Iceland was White's premier example of a society close to achieving the marriage of preindustrial and industrial resilience. As a result, the local effects of this eruption were minor. Yet, the ash it generated was transported to Europe with paralyzing and economically disastrous consequences (Pedersen 2010) . Flights were grounded due to the threat of volcanic ash particles to aviation (Langmann et al. 2012) , sparking a virtual mobility-related panic that affected millions of people in Europe and beyond (Guiver and Jain 2011; O'Regan 2011) . The numbers are staggering (Budd et al. 2011) : 108,000 flights were cancelled, 10.5 million passengers were affected, and the aviation industry alone suffered losses in excess of 1.5 billion Euros. How can such an insignificant geophysical event become such a calamity, and cause such costs? The answer to this question rests not in 'nature', not in the volcanological properties of the eruption. They are not unimportant, but causal in a more salient and significant way are the economic, social, and cognitive structures and systems that the eruption interacted with. European airspace is the premier hub of today's global 'aeromobility' (Figure 2 ; (Urry 2007 (Urry , 2009 ). This particular impact has stimulated a great number of studies investigating the mechanisms volcanic ash impacts on air traffic and the governance thereof (Alexander 2013; Guiver and Jain 2011) . The remarkable effects of the Eyjafjallajökull eruption can therefore not be sought in its inherent, geophysical properties, but rather in the complex ways in which it interacted with the affected societies and their ways of socially, cognitively, legally and technologically handling this event (Alexander 2013; Donovan and Oppenheimer 2011 Lund and Benediktsson 2011) .
In line with the eruptions of Mount St. Helens of 1980 (Carson 2000) , the Parícutin eruption of 1943 (Luhr and Simkin 1993) , the eruption of Pinatubo in 1991 (Gaillard et al. 2007 ) and a handful others (Oppenheimer 2011) , the Eyjafjallajökull eruption is one of a few such event that has been comprehensively studied from both a natural and social scientific perspective. It thus serves to underline the notion that this kind of geophysical event is not to be considered causal of any kind of impact or human cultural responses in isolation, but rather that it poses as a complex of risks or hazards; a disaster then emerges at 'the interface between an extreme physical event and a vulnerable human population' (Susman et al. 1983, p. 264) . In addition (and this observation is at the same time more mundane but also perhaps more critical), the Eyjafjallajökull eruption offers, owing to its remote island location, a drastically simplified distinction between near-field direct and far-field indirect impacts. Its effects underline that the nature and magnitude of hazard and impact of a given eruption change, potentially dramatically, along its fallout transect.
At first glance, it may seem paradoxical that impact increases with distance, but this is what November (November 2008 (November , p. 1523 ) calls the 'spatiality of risk', where impact is not alone determined by proximity to a hazard, but by the constellations of pre-event vulnerability prevalent in the affected societies. Human populations are bound together in complex social, demographic, and economic networks that, in addition to underlying differences in local ecology conditioned by, for instance, latitudinal gradients, reflect this spatial variation. It is arguably the fragility or otherwise of these social networks that determine the extent of impact, and the specific structures that steer cascading effects such as those observed in the wake of the Eyjafjallajökull event (Helbing 2013; Helbing et al. 2006) .
Humanities 2017, 6, 79 5 of 25 effects such as those observed in the wake of the Eyjafjallajökull event (Helbing 2013; Helbing et al. 2006) . The particulars of this eruption also expose time as another key dimension of human impact. Over time, the eruption evolved from harmless or for some even beneficial spectacle to severe threat, and back to a resource to be exploited. Time plays an important role in the relevance and perception of this hazard, but this 'temporality of risk' plays a yet greater role once we consider that its impact was dependent on the specific point in time at which the eruption occurred. Had this eruption occurred in AD 1010 the effects would have been rather different (cf. Dugmore et al. 2007 ): local farmers (without tractors, plastic seals for fodder, stored clean water, etc.) would likely have been The particulars of this eruption also expose time as another key dimension of human impact. Over time, the eruption evolved from harmless or for some even beneficial spectacle to severe threat, and back to a resource to be exploited. Time plays an important role in the relevance and perception of this hazard, but this 'temporality of risk' plays a yet greater role once we consider that its impact was dependent on the specific point in time at which the eruption occurred. Had this eruption occurred in AD 1010 the effects would have been rather different (cf. Dugmore et al. 2007 ): local farmers (without tractors, plastic seals for fodder, stored clean water, etc.) would likely have been The particulars of this eruption also expose time as another key dimension of human impact. Over time, the eruption evolved from harmless or for some even beneficial spectacle to severe threat, and back to a resource to be exploited. Time plays an important role in the relevance and perception of this hazard, but this 'temporality of risk' plays a yet greater role once we consider that its impact was dependent on the specific point in time at which the eruption occurred. Had this eruption occurred in AD 1010 the effects would have been rather different (cf. Dugmore et al. 2007 ): local farmers (without tractors, plastic seals for fodder, stored clean water, etc.) would likely have been less able to cope with its impact right there and then, but people in the eruption's far-field possessed means of transport somewhat less susceptible to volcanic ash. The effects would have been different again if it had occurred in 11,010 BCE, when Iceland was unoccupied and such a minor eruption would most likely not have been noticed by anybody anywhere. This thought experiment underlines the distinction between a natural event free of human dimensions, and a catastrophe that by definition is the result of the interaction between such an event and human individuals, communities, or societies.
Finally, the materiality of the eruption is worth drawing attention to. Contemporary Icelanders use a wide variety of rugged, heavy-handed engineering and containment measures designed to limit the damage of volcanic eruptions to the immediate environment, and to preserve, for example, crucial infrastructural elements such as bridges. There is sophisticated monitoring equipment as well as specific tools and machines associated with these volcanic landscapes, which although seemingly wild are heavily modified by human intervention. In addition, both state and local communities offer warning and relief measures in the case of volcanic eruptions that provide a safety net for local farmers who themselves employ modern farming and transport technology to, for instance, move livestock out of harm's way swiftly, and to protect themselves, their animals and their supplies against the ash ( Figure 3 ; Bird and Gísladóttir 2012; Bird et al. 2011; Thorvaldsdóttir and Sigbjörnsson 2015) . Yet, most catastrophes result in both winners and losers (Scanlon 1988) , and shortly after the end of the eruption, the local farming family put into place a custom-built visitors center and gift shop selling not only their own produce, bottled ash from the eruption, but also Eyjafjallajökull-branded clothes, mugs and other paraphernalia (http://www.icelanderupts.is/en); the eruption is connected to and has engendered its own material culture.
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Conceptual Framework: Counterfactuals and Scenarios
Measured on the timescale of a human experience, volcanic eruptions are relatively rare events (even in Iceland) and each eruption differs from others, even when from the same volcanic system. Yet, volcanologists draw on their insights from both recent and ancient volcanism to infer the most likely scenarios for future eruptions (Cashman and Biggs 2014) . In history, inferring future societal trends from past events and processes is less common. Yet, David Staley (Staley 2002, p. 72) has provided a provocative program for such a history of the future:
Does history have to be only about the past? "History" refers to both a subject matter and a thought process. That thought process involves raising questions, marshalling evidence, discerning patterns in the evidence, writing narratives, and critiquing the narratives written by others. On methodological grounds, most historians reject as either impractical, quixotic, hubristic, or dangerous any effort to examine the past as a way to make predictions about the future . . . However, where at one time thinking about the future did mean making a scientifically-based prediction, futurists today are just as likely to think in terms of scenarios. Where a prediction is a definitive statement about what will be, scenarios are heuristic narratives that explore alternative plausibilities of what might be. With only minimal intellectual adjustment, then, most professionally trained historians possess the necessary skills to write methodologically rigorous "histories of the future".
Staley carefully distinguishes between counterfactual what-if histories that recast past events in alternative ways and using the same methodology to consider events yet to unfold. He argues that the ways in which historians think-their attention to societal dynamics, to contingency and to drawing rigorously on verifiable sources-is patently suited to building strong arguments about future outcomes.
Disaster sociologist Lee Clarke extends this argument to rare events (Clarke 2007 (Clarke , 2008 . According to Clarke, a consideration of catastrophic and hence by definition rare events (possibilistic thinking) serves as a way of not merely better understanding social structures (Clarke 2004; García-Acosta 2002) , but also for improving general resilience by facilitating virtual stress tests of systems that are impractical or impossible to actually submit to such tests (Clarke 2007, p. 192 
):
Historians and political scientists have developed an extensive literature on "counterfactuals". Using counterfactual arguments is essential to generalising historical work and, more generally, in reasoning through which historical and political phenomena have been important and which have been trivial (although some historians abjure explicit consideration of counterfactuals) . . . My point is that this technical literature on counterfactuals provides rules that can be used to discipline possibilistic thinking.
Another pathway to disciplining counterfactual reasoning is to anchor any scenario strongly in historical evidence, which in the case of environmental histories must come both from the natural and the social sciences. In the climate change adaptation literature (Evans et al. 2013; Rounsevell and Metzger 2010) and in disaster risk reduction Davies et al. 2015) , scenario-building and the use of narrative is becoming a key tool for translating findings from the natural sciences into formats usable by stakeholders. In volcanology specifically, the construction of eruption scenarios is usually conducted through quantitative probabilistic methods (Neri et al. 2008) , where expert assessment is under close scrutiny (Aspinall 2010; ). Useful as they are for thinking though eruptive processes, these scenarios do not or at least rarely consider human responses and impacts. While it may be difficult to provide quantitative estimates of societal disaster responses other than and beyond death tolls and property damage, there is remarkable overlap between the ways of thinking used in volcanological scenario elicitations and Staley's proposal to use historical thinking as a rigorous means of framing future societal trajectories. Add to this Clarke's argument for the importance of rare events, we end with a necessarily interdisciplinary conceptual framework that assists in, as demanded by and Donovan and Clive (2017) , 'imagining the unimaginable' in efforts to communicate extreme environmental risks.
One specific tool developed to integrate both natural and human science sources of information in constructing scenarios is labelled Realistic Disaster Scenarios (Mazzorana et al. 2009 ). Past societal data can feed into the construction of these Realistic Disaster Scenarios (Figure 4) . Such an approach could diminish the risk of being surprised by unforeseeable and catastrophic events that, following Taleb (2010) , have popularly been termed 'black swans'. A suitably wide temporal angle could turn unforeseeable black swans into foreseeable albeit still difficult to handle 'gray swans' (Stein and Stein 2014, p. 1279) or indeed merely 'gray cygnets' (Rissland 2009, p. 6) ; chronological largesse enables comparison, which in turn may facilitate learning from the past. In the following, I explore one particular case study of a high-magnitude/low-frequency event (the eruption of the Laacher See volcano), the recurrence of which almost certainly would have catastrophic consequences in a region that is not normally considered at risk from such extreme vents, Europe. Only when extending the chronological window to include prehistoric periods, does it become apparent that Europe, too, may be subject to hazards. assessment is under close scrutiny (Aspinall 2010; ). Useful as they are for thinking though eruptive processes, these scenarios do not or at least rarely consider human responses and impacts. While it may be difficult to provide quantitative estimates of societal disaster responses other than and beyond death tolls and property damage, there is remarkable overlap between the ways of thinking used in volcanological scenario elicitations and Staley's proposal to use historical thinking as a rigorous means of framing future societal trajectories. Add to this Clarke's argument for the importance of rare events, we end with a necessarily interdisciplinary conceptual framework that assists in, as demanded by and Donovan and Oppenheimer (2017) , 'imagining the unimaginable' in efforts to communicate extreme environmental risks. One specific tool developed to integrate both natural and human science sources of information in constructing scenarios is labelled Realistic Disaster Scenarios (Mazzorana et al. 2009 ). Past societal data can feed into the construction of these Realistic Disaster Scenarios (Figure 4) . Such an approach could diminish the risk of being surprised by unforeseeable and catastrophic events that, following Taleb (2010) , have popularly been termed 'black swans'. A suitably wide temporal angle could turn unforeseeable black swans into foreseeable albeit still difficult to handle 'gray swans' (Stein and Stein 2014, p. 1279) or indeed merely 'gray cygnets' (Rissland 2009, p. 6) ; chronological largesse enables comparison, which in turn may facilitate learning from the past. In the following, I explore one particular case study of a high-magnitude/low-frequency event (the eruption of the Laacher See volcano), the recurrence of which almost certainly would have catastrophic consequences in a region that is not normally considered at risk from such extreme vents, Europe. Only when extending the chronological window to include prehistoric periods, does it become apparent that Europe, too, may be subject to hazards. Traditionally, the scenario trumpet begins at t0, our present, and lets a given event unfold over some future time-span, t+1, t+2, t+n. In the extended model offered here, evidence for concrete impacts and their mechanisms from numerous past cases at t-n are added to provide a patchwork of relevant evidence that can be harnessed in constructing realistic scenarios, while a specific eventhere the Laacher See eruption 13,000 years ago-serves as a concrete starting point for the scenario at t0.
The Laacher See Case Study

Apocalypse Then
Approximately 13,000 years ago, the Laacher See volcano located in westernmost part of present-day Germany erupted cataclysmically (Schmincke et al. 1999) . Scoring 6 on the so-called Volcanic Explosivity Index (Newhall and Self 1982) and with a calculated magnitude (M) of 6.2 and a peak intensity (I) of 11.7, this highly explosive eruption was, in the words of Newhall and Self (Newhall and Self 1982, p. 1232) 'paroxysmal, colossal' and very intense. The physical processes (Mazzorana et al. 2009 ) scenario trumpet extended to include the complete natural experiments of history that (indicated by the arrow) inform the societal aspects of such disaster scenarios. Traditionally, the scenario trumpet begins at t 0 , our present, and lets a given event unfold over some future time-span, t +1 , t +2 , t +n . In the extended model offered here, evidence for concrete impacts and their mechanisms from numerous past cases at t -n are added to provide a patchwork of relevant evidence that can be harnessed in constructing realistic scenarios, while a specific eventhere the Laacher See eruption 13,000 years ago-serves as a concrete starting point for the scenario at t 0 .
The Laacher See Case Study
Apocalypse Then
Approximately 13,000 years ago, the Laacher See volcano located in westernmost part of present-day Germany erupted cataclysmically (Schmincke et al. 1999) .
Scoring 6 on the so-called Volcanic Explosivity Index (Newhall and Self 1982) and with a calculated magnitude (M) of 6.2 and a peak intensity (I) of 11.7, this highly explosive eruption was, in the words of Newhall and Self (Newhall and Self 1982, p. 1232 ) 'paroxysmal, colossal' and very intense.
The physical processes underlying this eruption have been studied in considerable detail and a scenario for the eruption over its weeks-to-months long development has been constructed Park and Schmincke 2009; Schmincke 2004; Van den Bogaard and Schmincke 1984, 1985; Van den Bogaard et al. 1990 ). This includes an ash column that may have been as high as 40 km at times; the eruption would have been seen, heard and felt across most of Europe (Riede 2017) . Furthermore, the nearby River Rhine was temporarily dammed by an accumulation of ejecta, leading to the formation of a lake within the Neuwied Basin as well as substantial upstream damming. This dam broke subsequently and perhaps already whilst the eruption was still on-going, sending one or several river flood waves down the then dried-out downriver areas Schmincke 1997, 2009 ). River-rafted material from the eruption is now found as far downstream as the English Channel (Janssens et al. 2012) . Volcanic ash (=tephra) from the eruption's different phases was distributed by wind in a south-west to north-east blanket that cuts Europe north of the Alps into two from northern Italy in the south to north-western Russia in the north-east, and from France in the west to Lithuania in the east ( Figure 5 ; Riede et al. 2011) . As can be seen from contemporaneous tree rings indicating a period of very poor growth immediately after the eruption, the weather and regional climate were affected negatively (Kaiser 1993) . Modelling the climatic impact of the Laacher See eruption (LSE) suggests, however, that these effects were relatively minor and only on an annual and at most decadal timescale (Graf and Timmreck 2001) . Table 2 summarizes essential information about the eruption.
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Pyle (2000) Destructiveness (D) ≥3.1 Pyle (2000) Adding to the volcanological research, recent archaeological work has also highlighted that contemporaneous communities of Stone Age hunter-gatherers were affected by the eruption (Riede 2008 (Riede , 2015 (Riede , 2017 . The massive deposition of volcanic ejecta in the area surrounding the volcano sealed that landscape including plentiful plant remains (Baales et al. 1999; Street 1986 ) and animal tracks (Baales and von Berg 1997; Von Berg 1994b) , as well as archaeological sites that range from very small (Von Berg 1994a) to extensive (Baales 2002 (Baales , 2006 . The volcano's near field appears to have been depopulated for decades until re-colonization slowly commenced from the west . The eruption and its attendant tephra fallout also had societal effects in the far field that were at the same time subtler (no depopulation) and more pronounced (evident changes in the cultural repertoire) than those in the near field. The fallout likely affected ecosystem functioning through negative impacts on animal and human respiratory health (Riede and Bazely 2009) and by increasing dental wear (Riede and Wheeler 2009) . It is likely that these ash-induced effects interacted with the eruption's effects on weather and climate (inherently turbulent at this time (Lowe et al. 2008) ) to also disrupted traditional travel and communication routes, leading to a breakdown of the social networks that bound these communities, already stressed by on-going climate change, together (Riede 2014b) . In interaction with ecological and societal factors, the eruption led to the abandonment of affected regions towards the northeast of the volcano (Riede 2016) ; these swaths of land were unattractive or even dangerous for up to several decades after the eruption and, in analogy with the ways in which many traditional societies elsewhere handled such hazards (Lowe et al. 2002; Oetelaar 2015) , may have been declared off-limits, taboo. In turn, this resulted in the isolation of communities along the margins of the tephra fallout in southern Scandinavia. This isolation then led to culture change that is reflected in the stone tool repertoire of the period immediately following the eruption (Riede 2014b (Riede , 2015 . Dramatically, these changes can be taken to signal the loss of important technologies such as the bow and arrow (Riede 2009 ). Yet, it is also possible that the eruption event did represent a not entirely unwelcome opportunity to instigate social change. Living conditions in southern Scandinavia (the refuge area not directly impacted by the Laacher See ashfall) in the post-eruption period were favorable, resources fairly abundant. Perhaps some communities seized the opportunity to effect positive societal changes in a form of splendid isolation (Riede 2017).
Apocalypse Now?
Conjoining the volcanological and archaeological evidence for the Laacher See eruption and its human impacts, it is possible to highlight a series of potential implications of renewed eruptive activity. Such a low frequency/high magnitude mid-continent eruption in Europe lasting several weeks or months would affect a very large number of people both in the near-and as well as the far-field (Figure 6 ). In addition, it would likely lead to a prolonged closure of European or even Eurasian airspace, an at least temporary collapse of air-and water-based supply chains providing many daily consumables, and key power supply nodes would be at risk (Figure 7 ). Infrastructure impacts as well as impacts on agriculture (Arnalds 2013) would be significant. The economic implications of these immediate effects and their longer-term clean-up and repair efforts are staggering (Hayes et al. 2015; Wilson et al. 2015) , and would likely put European economic as well as political systems under considerable strain. Leder and colleagues (Leder et al. 2017 ) have recently estimated (using conservative eruption parameters) a directly affected population of six million and a loss of capital stock due to building damage alone of around 20-27 billion EUR. However, other costs would certainly ensue, owing to the need to clean-up (cf. Hayes et al. 2015) , due to increased physical and mental health care demands (cf. Adams and Adams 1984) , and impacts on river-and airborne logistics chains. The River Rhine is an important economic highway in Europe and any effects on it would also directly affect all countries along it up-as well as downstream (Uehlinger et al. 2009 ). Assuming ash fall not unlike that 13,000 years ago, at least 14 contemporary countries would be directly affected, raising the additional challenge of cross-border coordination and mitigation Oppenheimer 2012, 2017) .
In similar scenario-building exercises that consider a Laki-like eruption and its impact on European countries (Schmidt et al. 2011; Sonnek et al. 2017) , the health care burden is flagged up as significant. Laki-style events, so-called fissure eruptions, are different from the much more explosive and violent Laacher See-style eruptions in that they are not nearly as destructive in a direct physical manner, but often last long and eject stupendous amounts of poisonous gases such as sulfur. Sulfur in turn can cause dry fogs (often at great distances from the eruptive center) with attendant impacts on ecosystems and in particular respiratory health (Grattan et al. 2003; Grattan and Charman 1994) . However, the human effects of volcanic eruptions often go beyond dry fogs and climate impacts. From other eruptions, it is known that also mental health is affected (Adams and Adams 1984) . Following an LSE-style eruption, significant land areas would become unattractive for settlement and economic exploitation for some time, leading to domestic or even cross-border migration. With such challenges looming, political, but also religious changes (including radicalization) are not unlikely, as were demonstrably the results of such eruptions in the past and must be taken seriously as candidate effects of future eruptions (cf. Chester 2005) . Indeed, the indirect impacts on European society of even very remote eruptions have been considerable (Krämer 2009; Luterbacher and Pfister 2015) . Thinking historically about the future, Oreskes and Conway (Oreskes and Conway 2014) offer a dark vision for Europe's future. Existing political and economic instability, climate change pressures and the wider geopolitical landscape might make the handling of event such as a major volcanic eruption in the heart of Europe challenging. In drawing on the societal effects documented in historic eruptions and the Laacher See event itself, it is easy and tempting to paint worst case scenarios for renewed volcanic activity in the Eifel Volcanic Field. The Realistic Disaster Scenario methodology, however, constrains such speculation by providing a methodology for developing scenarios such as the one sketched out above, all depending on the intended planning effort. Based on such scenarios, the surge capacities of existing infrastructure and social structures can be considered (Clarke 2008; Michel-Kerjan 2012) . In addition, carefully thinking through the impacts of such an extreme event on European societies may also stimulate a consideration of the event as a window of opportunity for positive societal change (Birkmann et al. 2010; Olshansky et al. 2012; Solnit 2010) , just as it may have been for communities 13,000 years ago. Either way, anchoring such scenarios in an event that actually has occurred provides specificity and an evidence-base from which to work.
Discussion
Archaeologists and the public alike have been fascinated by past calamities since at least the discovery of Pompeii. Yet, this fascination is rarely coupled with adequate notions of how such extreme events and the transformation into disasters through their interaction with contemporaneous social structures may contribute to the patterns and processes of history unfolding. The growing body of case studies concerned with the intricate effect pathways from eruption to social change underlines that calamities such as volcanic eruptions can lead to cascading effects that reverberate through social and demographic networks at variable speeds. Placed in broader comparative perspective, it seems that such events can have long-term social and political legacies, and their effects are often indirect, mediated by culturally specific components such as religion, and that these effects can occur or indeed be amplified at great distances from the actual calamity (Cashman and Giordano 2008; Grattan et al. 2007; Grattan 2006; Torrence and Grattan 2002) . The communities affected by the Laacher See eruption were very different from contemporary ones. Yet, similar examples of the long reach of sometimes very distant volcanic eruptions can be found from, for instance, the Medieval period when economies and politics were much closer to those of the present (Buntgen et al. 2016; Huhtamaa and Helama 2017; McCormick et al. 2007; Price and Gräslund 2015; Toohey et al. 2016) . Certainly, issues of data resolution often plague the study of past disasters, but these limitations are arguably counterbalanced by privileged access to unique long-term information on societies and their material expressions of livelihood, as well as a similarly long-term perspective on the critical magnitude/frequency relationship of the relevant natural hazards, by the opportunity to carefully select case studies, and by the number of data-points offered by the archaeological record.
I have argued here that information from past calamities may be used to inform planning for future extreme events. Indeed, the stakes are high, given their potentially destructive and disruptive impacts. Such 'possibilism' carries with it the danger of hysteria, but archaeological and historical data can be effectively used to modulate these by offering historically informed, evidence-based information on both the geophysical as well as sociocultural parameters of past extreme events that, critically, retains a great deal of immediacy and intimacy.
The current discourse about climate change and the impacts of extreme events is strongly catastrophic and apocalyptic in its rhetoric (see Dawdy 2009; Dörries 2010; Hulme 2008; Mauelshagen 2009; Nielsen 2013) , and it is strongly focused on global 'future narratives' rather than narratives that are centered on particular locales or regions and their histories. With a heavy technocratic and natural scientific focus the otherwise important milestone publications of, for instance, the Intergovernmental Panel on Climate Change (IPCC; see, for instance, Field et al. 2012; Smith et al. 2009) , are arguably distant and abstract for many. Ironically, as Van de Noort (2011) has noted, the IPCC draws heavily on paleoclimatic data as a foundation for its prediction of future climate change, but does not draw to any meaningful degree on corresponding 'paleosocietal'-archaeological, historical-data when it comes to addressing future societal change. Studies of past volcanism are plagued by a very similar dilemma: A suite of excellent databases of past volcanic activity as well as of other paleo-hazards (e.g., www.ngdc.noaa.gov/hazard/tsu_db.shtml) exist, some of which are expressly constructed to aid in risk reduction research (Bryson et al. 2006; Crosweller et al. 2012; Siebert et al. 2010 ). Yet, none of these databases contain any or none other than trivial information on the societies actually affected by these eruptions. Whilst fully appreciating their utility in studies of past geological processes (e.g., Deligne et al. 2010 ) and whilst also fully appreciating the large amounts of labor that have gone into assembling these databases in the first place, they do not contribute to the investigation past human vulnerability, resilience or responses in a historically specific and historically informed manner.
The archaeological debate on collapse aside (see Middleton 2012 Middleton , 2013 Tainter 2008) , the fact that current climate change is perceived and talked about as catastrophic alone warrants a focus on catastrophic climatic change, and extreme events in the past also. Hulme (2008, p. 5) 
has noted that
We are living in a climate of fear about our future climate. The language of the public discourse around global warming routinely uses a repertoire which includes words such as 'catastrophe', 'terror', 'danger', 'extinction' and 'collapse'. To help make sense of this phenomenon the story of the complex relationships between climates and cultures in different times and in different places is in urgent need of telling. If we can understand from the past something of this complex interweaving of our ideas of climate with their physical and cultural settings we may be better placed to prepare for different configurations of this relationship in the future.
Better understanding these past configurations could inform current debate. In the geosciences, there is increasing recognition that discussions of the threat posed by climate change and by extreme geophysical events are driven not such my information but by values. The vulnerability of contemporary Europe, for instance, to extreme events such as a major volcanic eruption are therefore not 'matters of fact' but 'matters of concerns' (Stewart and Lewis 2017) . What archaeology can add is immediacy and intimacy to specific volcanic hazard forecast scenarios (e.g., Mastrolorenzo et al. 2006; Schmidt et al. 2011; Sonnek et al. 2017 ) by focusing on both the vulnerability and the resilience of past communities. People relate readily to the past of the places they live, and indeed draw much of their identity from historical and archaeological narratives (Sommer 2000) . Adding this human dimension is hence likely to assist in framing such hazards not only in terms of facts but also in terms of concerns.
Archaeology cannot, except in very rare circumstances (e.g., Cooper and Sheets 2012; Guttmann-Bond 2010) , provide concise blueprints for designing sustainable adaptations to volcanic hazards or other, climate-induced challenges. Rather, archaeology can, in the form of 'climate change archaeology', contribute more broadly to a balanced understanding of the relationship between humans and the environment; archaeology can tell-on occasion using the narrative devices of catastrophe and apocalypse-stories of past successful and unsuccessful adaptive pathways; and archaeology can, through its established communication channels (i.e., museums, school curricula, etc.) contribute to environmental literacy and thus to increased resilience (Dix and Röhrs 2007; Van de Noort 2013) . It is worth noting in this connection that museums of culture history generally and in most European countries at least attract larger number of visitors than their natural history counterparts (see http://www.egmus.eu/). Encouragingly, several recent exhibitions have taken up the themes of catastrophe and disaster from a cultural perspective (Blaesild and Beck 2016; Höfchen et al. 2014; Pyle 2017; Schenk et al. 2014) , although the Laacher See eruption and its impact on the culture history of Europe remains little utilized. Instead, this eruption is used in the context of geological outreach and tourism only (Bitschene and Schüller 2011; Erfurt-Cooper 2010 ). Yet, museums of culture history could offer, I argue, high-profile platforms for outreach, for education, and for debate around the role of climate and environmental change and extreme events in social change: past, present and future.
Conclusions
The denial of catastrophic risks and the potential impact of extreme events and their disastrous societal consequences may come at a high cost (e.g., Kieffer 2013; Plag 2014); complacency will only aggravate the next disaster (Sparks 2007) . Modern societies are, due to the inherent potential destructiveness of such events and the entanglement of modern societies in and dependence on expansive networks, patently not immune to such events Oppenheimer 2013, 2017; Plag 2014) . It has been argued that existentialist questions posed by the threat of natural hazards ought not to be avoided in either scientific or public discourse (Rees 2013) , although it is paramount that a balance between hysterical catastrophism and myopic naiveté is struck.
There is no reason why the information on past disasters and on past vulnerability that can be wrought from the archaeological record should not be used more proactively as part of an educational strategy intended to raise resilience and to allow communities to live sustainably with, for instance, volcanic risks. It is precisely the periods of repose, in which such educational initiatives should set in (Sparks 2007) . This emerging focus on the role of culture (Mercer et al. 2012 ) and on sustainable livelihoods (Kelman and Mather 2008) in disaster risk reduction offers a fertile meeting ground precisely because the past feeds into processes of identity creation and, in the form of (geo-)cultural heritage, furnishes a resource for livelihood and action. In this way, the rich data provided by these elements of cultural heritage-our 'usable past' (Stump 2013, p. 268 )-could play a more proactive role in present and future risk reduction strategies and in the strengthening of social resilience that emerges out of a coupling between traditional and scientific knowledge and methods, just as disasters emerge at the violent interface between geological and societal forces.
Currently, the occurrence of a high-magnitude volcanic eruption from the Laacher See edifice, right in the heart of Europe, is only entertained in film (Janson 2009 ), in fiction (Schreiber 2006) and in the tabloid press (see, for example, http://www.bild.de/news/2007/news/forscher-ausbruchdeutschland-1399914.bild.html and the discussion in http://www.wired.com/wiredscience/2012/01/ fearmongering-gets-started-in-2012-laacher-see-is-not-ready-to-blow/); indeed it is film-makers and writers of fiction that excel at drafting scenarios of future calamities (Atwood 2011; Horn 2012 Horn , 2014 . However, equipped with thinking the future through historically, with possibilistic reasoning and with the vast evidence base of the archaeological and historical records, environmental deep historians and archaeologists are now well-positioned to 'past-forward' this evidence and also provide powerful and useful narratives and scenarios for the future. The scenarios that can be built using the evidential building blocks of the Laacher See case study itself and supplemented with evidence of societal impacts related to past eruptions should have a relevance beyond the possibility of renewed volcanic activity in the Eifel Volcanic Field. The Laacher See eruption merely serves as an exemplar of an extreme event with far-reaching consequences. The resilience and governance required to respond to such an event would also come into play more generically in relation to other calamities.
Many disciplines across the human and natural sciences have interests in prognoses of future societal developments (cf. Mathews and Barnes 2016) . The natural sciences draw on paleoclimatic data and draft scenarios strongly focused on these parameters, whilst the development of scenarios that explore in greater depths the social dimensions of future climate change fall under the purview of those producing literary fiction (Johns-Putra 2016; Nikoleris et al. 2017) . The narration of past human-climate-environment interactions and their societal consequences (constrained both by paleoclimate data, as well as the evidence from the archaeological and historical records) offers a third pathway to imagining such futures. The past here serves as an analytical mirror with opportunities for demonstrating the complex causal relationships between climate change, environmental change, individual and collective actions and their consequences. Such narratives can be presented not just through scientific writings, but through the well-established outreach avenues available to archaeologists and historians: museums of culture history. By locating the question of human impacts of environmental change and events within the domain of culture history, it can be made clear that the problems generated by these, and their potential solutions, also lie (at least partly) within that sphere. 
